Estuary (Spooner & Moore, 1940) . Similar population densities have been found in the Gwendraeth Estuary in South Wales. In one patch a population of 1025 per m2 was found; the average length of the shells was 30 mm. Individual lengths up to 54 mm were found in other parts of the estuary. The large size of the specimens from the Gwendraeth prompted an investigation into the rate of growth and the age reached in this locality.
METHODS
Random samples of Scrobicularia were taken by digging up I m2 to a depth of 30 cm in a region where the average population was 500 per m2• A square metal frame with sides 0'5 m long and 15 cm deep was used to prevent mud slipping into the area being sampled. Four samples taken using such a frame made up the total sample of 1m2• Samples were collected in December 1953 , April 1954 , August 1954 , April 1955 The large specimens were sorted by hand and the small specimens by sieving. A sieve with a mesh of about 6 mm was used for the early samples, but for the last sample a I mm-mesh sieve was used. As there were some empty shells in the mud, care was taken to collect only the living animals; these were recognized in the field by the slightly protruding mantle lobes and by the presence of an oxidized layer of soil immediately next to the shell even when the animals were taken from a black layer. The specimens were washed and then boiled until the shells gaped widely and the animals dropped out. The shells were then washed and dried; one valve was kept from each. In this way a large number of shells could be stored and their lengths measured at leisure. The length of each shell, to the nearest mm, was written in pencil on its inner surface for future reference and size grouping. In all some 2500 shells were sorted and measured.
Like many other bivalved molluscs, S. plana has growth rings on its shell, but often only the last one or two are visible. The earlier growth rings become obliterated and only those left by the last few winters can be found. It is thus not possible to determine the age of a shell directly from its growth rings. It is, however, possible to deduce an approximate age by using a series of shells such as that shown in Fig. 1 . By homologizing the rings on each shell with those on larger and smaller shells, and by working back to progressively smaller shells an estimation can be made of the age of any shell in the series. Examination of the growth rings on some of the large specimens was found to be facilitated by immersion in dilute hydrochloric acid for a short period. Immediately after such treatment the growth rings were very clear, but when the treated shells were stored the rings tended to disappear, and, of course, the treated shells were much more fragile than the untreated shells.
The environmental conditions in the sampling area were studied by measuring the salinity of the water over the area during a tide and by a grade analysis of the soil.
The salinity of the water was estimated with a glass hydrometer; the temperature of the water was measured at the same time and the density reading converted to salinity in %0 using the graph given by Harvey l1945, fig. 12 ).
The sample of soil for analysis was taken by pushing a stout glass tube into the ground and then lifting it out after clearing the soil away from its sides. The ends of the tube were then closed with rubber bungs. The sample was taken about 3 h after the tide had uncovered the sampling area so that most of the superficial water had drained away. In the laboratory the soil was pushed out of the tube and chopped into 2 em lengths which were weighed and then dried for 16 hr at 1050 C. The subsequent treatment of the samples was identical with that of Holme (1949) except that the treatment with hydrochloric acid to remove carbonates was omitted and sieves with the following meshes were used: 30, 60, 90 and 100 I.M.M. In practice it was found that over 95 % of the soil passed through the 100 I.M.M. sieve.
CONDITIONS IN THE SAMPLING AREA
The area from which the samples were taken was about 70 m long, with the length parallel to the edge of the tide, and about 4 m wide. Neap tides covered the area for about 2 h; on a spring tide the time was increased to about 4 h. The depth of water over the surface of the mud on a neap tide was 0'5 m. The depth over the mud on a spring tide was not measured but is estimated at 2'0 m. The times given for coverage by the tide do not represent the limits of the time available to Scrobicularia for feeding since the surface is poorly drained and still wet for several hours after the tide has receded. The inhalant siphons of Scrobicularia can be seen actively sucking up the surface mud 3 or 4 h after being uncovered by the tide. The salinity of the water over the area during a neap tide on 29 July 1955 is shown in Table 1 . The salinity is probably somewhat higher than usual, due to the hot dry summer and the low state of the river. It was not practic-
able to measure the salinity during a spring tide, but a few measurements made during the winter 1952-53 showed a salinity of 18%0 at a level just above the sampling area about an hour before high tide. This somewhat lower salinity on a spring tide in winter when compared with a neap tide in summer indicates that the main factor governing salinity over the sampling area is the strength of flow of the river. Other measurements made during winter, as the tide was just uncovering the area, showed a salinity as low as 2%0' Grade analysis of the soil showed that most of the particles passed through the 100 I.M.M. sieve and that of the total dry soil between 8 and 24 % by weight belonged to the silt + clay fraction ( Table 2 ). The most significant variation with depth is in the amount of silt + clay; the surface layers contain three times as much as the soil at a depth of 14-16 cm. The water content, as estimated by the present method, may not be quite the same as that of the mud in situ, but it does give a measure of the water-holding capacity of the soil. It is clear from Table 2 that this capacity increases with increasing silt +clay content, so that the surface layers have a higher water content.
AGE ESTIMATED FROM GROWTH RINGS
From a series such as that shown in Fig. I it is possible to construct a growth curve. Such a curve, based on the specimens in Fig. I , is given by the broken line in Fig. 2 . The middle part of the curve is based on several specimens at each length (Table 3 ). Other series of shells give slightly different curves, and if the whole range of variation is considered it is possible to draw up a table giving the upper and lower limits of length for a given year group (Table 5 ). This range of variation, based on the December 1953 sample, is shown in Fig. 2 . Attempts to gain greater precision in defining the growth curve do not seem to be very profitable. The details of the curve can only apply to this locality, and further examination of the shells with several growth rings often reveals a narrow interval between two wider ones, indicating that some years are better for growth than others. If the mid-point in the range of variation given for each year group in Table 5 is taken as representative of an 'average' animal of that year the following summary can be given of the growth of Scrobicularia. A length of 5 nun is reached by the first winter. During each of the next two years another 5 nun is added to the length. Between the third and fourth winters 6 or 7 nun are added, thereafter the growth rate steadily decreases until the ninth or tenth winter, after which a fairly steady addition of about 2 nun per year is made. Raymont (1955) has studied the early growth of S. plana in Kyle Scotnish, Scotland. Here the shells reach a length of 6 mm by the first autumn and 16 nun by the second. This is clearly a much greater increase during the second season than that found in the Gwendraeth, and may be due to the artificial fertilization of Kyle Scotnish. 
LENGTH FREQUENCY DISTRIBUTION
In the preceding section it was assumed that the growth rings on the shell are annual rings. In order to test this assumption two samples were taken at a year's interval (April 1954 and 1955) to see how the peaks of the length frequency kites moved (Fig. 3) . The shifts of the peaks are in fair agreement with the intervals between growth rings and all lie within the range of variation given in Table 5 . If the mean size of the whole sample is considered there is a shift from 32'1 to 34.6 mm which is of a similar order to the increase in length between the seventh and eighth winters. The earlier samples give no indication of the numbers of small shells so that no idea could be gained of the numbers of spat surviving. The July 1955 sample, taken with a I mm-mesh sieve, and sieved very gently so as not to destroy the delicate shells, showed a very small percentage of small shells. Only seven of the 483 shells in the sample were below 10 mm in length. This indicates that there is at present very little successful settlement of spat in the area. The dense adult population is probably the cause of this. Five hundred inhalant siphons working in a square metre would make the area a most difficult one for a recently metamorphosed Scrobicularia to survive in. Nevertheless,.a few do survive, and it may be that when the present population bulge at a length of 30-40 mm dies out there will be heavier successful settlements of spat.
SUMMARY
Populations of Scrobicularia plana with densities up to 1025 per m2 are found in the Gwendraeth Estuary.
In a region where the population density was about 500 per m2 it was found that some specimens lived for 16-18 years and reached a length of 54 mm. An approximate growth curve is given.
There is very little successful settlement of spat in the sampling area; less than 2 % of the shells were under 10 mm in length in July 1955. This low figure is attributed to the feeding activities of the dense adult population making the area difficult to settle in.
